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Paul Soherrer Znstsitufe 
CB-5232 VUligen PSZ 

DesoriptioA 

Itethod fov genexatiliia a civeolar perioaie stxuctuxa on a 
basic BusDOtft: naterlal 

The invention relates to a metlu>d for generating a parioflic 
circular structure in a basic si^ort material, such as for 
patterning a basic layer„for the jnagnetic bits pf a magnetic 
disk Jiiedia. 



Magnetic recording devices in tbe form of circular discs 
15 coated uniformly with thin films of magnetic materials are 
used in vsax^ information systems. The data is recorded as 
magnetic bits in the thin film media. A magnetic bit means an 
area of the film that has been mainly ma^tized in a 
direction by a writing head. -Ebe bits are read by a reading 
head which is sensitive to the magnetization orientation of 
the bits. The aisc rotates usually around an axis 
perpendicular to the surface of the disc. During the rotation 
the write and/or read operations are performed. Therefore, 
the magnetic bits are positioned on circular tracsks around 
25 the rotational axis. 
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The areal density of data stored on this kind of magnetic 
storage disks (i.e. so-called hard disks) has increased with 
an average annual growth range of about 60 to 100% eacfla year 
since the early 90's. This tremendous growth rate allowed 
lower costs per stored bit and higher speed of data access. 
Storage devices haviixg an atfeal density of about 60 
Gbits/incsh= are expected to be offered in the market in the 
near future, i.e. second half of 2003. 

Consequently, the increase of the areal density can only be 
achieved by a decrease of the size of a magnetic bit cell. 
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For exanple, a 100 Gbits/inch^ generation will require a size 
of a magnetic bit cell to be approximately 80x80 nm* assuming 
a square shaped bit cell. The magnetic bit cell in a thin 
film crystalline media may contain several tens to hundreds 
5 of magnetic grains. A respectable number of grains is 
required in order to allow an acceptable signal to noise 
ratio for eacto xnagnetic bit cell. Therefore, as far as the 
size of the magnetic bit cell has to decrease for the sake of 
higher areal densities, the size of grains must become 
10 smaller as well- However, the level of minimization will 

touch physical limits due to the so-called super-paramagnetic 
limit which is touched ^en the size of grains becoxne too 
small to retain its magnetization at room temperature for a 
sufficient period of time. 

f 

A potential solution for the problem is to use instead of a 
continious l^*'^" film media a patterned media whejfe each 
magnetic bit cell is formed as a lithographically defined 
magnetic element. These elements behave as single oriented 
20 magnetic domains being stable at room ten©.^ture. Moreover, 
each of th^e lithographically defined magnetic elements can 
be individually switedaad and read. An ^addad advantage is that 
the transitions from one magnetic staJte to another one are 
mudh sharper than tlios© in a contixii'ous medium. It is 
25 required to arrange these magnetic elemeaits in periodic 
arrays to be synchronized with the read/write signal. 

A major obstacle to the realization of a patterned maflnetic 
storage xnedia is the difficulty of a mass production of a 

30 suitable patterned substrate at an acceptable cost. The • 
considerably high areal density above 100 Gbits/inch^ 
requires bit sizes to be well below 100 nm in length and/or 
width. Thjsrefore, in a suitable production technique, large 
areas have to be patterned having a comparably high 

35 resolution of the periodic structure at accesptable throughput 
and cost. Electron beam lithography is capable j)f producing 
aiich patterns but" the far from being*" 
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acceptable. Laser interference lithography has long been 
regarded as a possible technique as it can cr^te periodic 
patterns over coasjarably large areas. However, up to now 
interference lithography has been shown to create only linear 
5 periodic structures such as arrays of lines or arrays of dots 
on s<xaare, rectangular or hexagonal grids. 

Olierefore, it is the aim of the invention to provide a method 
allowing to generate periodic ciirved structures overcoming 
10 these afore-mentioned limitations. 

This aim is achieved according to the invention by a method 
for generating a periodic circulsu: structure in a basic 
support material/ eucih as a support layer for a patterned 
15 magnetic storage device, oooiprislng: / '' 

a) generating a xnndber of masks with each...mas]e having at 
least two transmission diffraction gratings / each grating 
having a periodic concentric circular and/9ir ^iral-^like 
periodic pattern; b) positioning one or morfe of said masks, 
successively if two or more masks are used, at a certain 
distance of the basic support material to be patterned, 
with the. distance being dependent on the mask; 
o) applyiiag ligflit beams through each of the diffraction 
masks for exposing the basic support material to said light 
25 beam; 

d) interfering the light beams diffracted by the gratings 
on each mask in order to generate coincid^t light 
intensity pattern on the surface o^ the basic support 
zKiterial; 

30 e) repeating the eacposure procedure a number of times 

with different mapks_ to bbtain a desired pattern of a 
periodic circular structure with possible partitioning 
in the circumferential directioa 
This new and inventive interference techniQ[ue allows creation 
35 of periodic curved structures such as concentric circular 
tracks and periodic arrays of dots on circular tracks are 
achievable, ohis technique significantly relies on 
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transjnission diffraction nasles having diffraction gratings 
that can ha patterned txy 3mown lithographic techniques 
including electron beam lithography. This techni<aue retains 
most of the main advantages of interference lithograptq^ such 
as high spatial resolution, large depth of focus, large 
pattexn area, simplicity of the optical equipment and set up, 
coherence of the. achieved pattern etc. 

m accordance with an optional feature of the invention for 
exposing the basic support material a multiple exposure 
process is used, coaqprising: using a . transmission diffraction 
mask having a periodic circular interference mask pattern in 
order to generate necessary exposure for circular tpaCks on 
the basic sr^pport material; and using afterwards a' 
transmission diffraction mask having a spiral' extending 
interference mask pattern in order to generate necessary 
exposure for a circumferential partitioning of said circular 
tracks; oi^ vice versa, in a multiple eaqposuir^ schema the 
pattern is a result of the total dose patttoi delivered to 
the basic support material, individual exi>osure steps may or 
may not deliver sufficient dose to the/support material to 
create patj^ems of their own. .''^ 

/. 

an alternative Hsultiple exposure process for ©j^osing the 
basic support material may provide a multiple exposure 
process, comprising: using a first transmission diffraction 
mask having a combined circular and spiral interference mask 
pattern in order to generate necessary exposure for a first 
spiral track pattern on the basic support material; and using 
afterwards a second transmission diffraction mask having a 
similar combined circular and spiral extending interference 
mask, pattern but having the spiral component oriented in the 
opposite direction in conparison with the first transmission 
diffraction mask in order to generate necessary exposure for 
a partitioning of said generated first spiral track pattern 

by intersecting the first and the aeeonci «r<^ai track - 

pattern. 
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Both the two processes as given above are iaterastiag options 
for acccmmoaating the inventive idea to practise. 

in order to create diffracted beams, the transmission 
diffraction masks are either of absorption or of phase 
shiftinar type or a coitibination of the two types. Whereby it 
may be remarJced that the througlqput is higher using the phase 
Shifting type since the diffraction efficiency and hence the 
use Of the light from the light source is more efficient 
Another advantage of using a phase mask is that the risk of 
damaging the loask at high f luences is minimized since no or 
little light is absorbed by the xoask itself. 

/ 

15 AS far as the polarization of the incident light' is iaiportant 
in the diffraction of light by the transmisaidn .'diffraction - 
masks (gratings), linearly polarised light' nay/ caus^ non 
unifomities along the circumferential direction in "the 
created pattern. Therefore, a light source having a circular 
polarization and^or a linear polarization v^eby the 
polarization Plane of the light .varies over the exposure time 
may be used .to avoid such non-uniformities . 

With respect to the storage density achievable according to 
the invention suitable light sources are necessary having a 
wavelength in the range of 5 to 500 nm, i.e. iix the range 
from optical lasers to synchroton radiation sources, por 
exanple, lasers with 193 nm wavelength are currently used for 
Ixthography processes in the semiconductor industry. Lasers 
with 157 nm wavelength are e^qpected to be used for smaller 
architectures in the future, with the latter light source, 
interference lithography will find entrance into dimensions 
less than 100 nm feature size. With respect to shorter 
wavelengths, synchroton radiation provides spatially coherent 
radiation with wavelengths down to 10 nm. m this range of 
wavelengths storage densities in the range of 10 Tbit/inch* 
seem to be possible. 
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m order to decrease the f eatTire size using common laser 
light soiirces an immersion lithography process saay be used, 
whereby an imersion liguid having a refractive index larger 
5 than 1 is disposed between the transmission diffraction mask 
and the basic support material, Aasuining p,e, a laser light 
source having a wavelCTigth of 157 nm and en imniersion li<juid 
with refractive index 1,37, a pattern period that approaches 
55 nm can be expected- The corresponding storage density lays 
10 in the range of 210 GEbit/inch^. 

According to the selected structure of the transinission 
diffraction mask the gratings may be chosen in order to 
enable the partitioned circular periodic structur,e comprising 
15 cells having a length to width ratio other tha n 1. This type 
of elongated magnetic bit cells ensure that the elemecats have 
a certain long d;^i8 for easy magnetization and two well 
defined magnetic states oriented opposite each other. 

Other advantageous measures can be se^' from the additional 
d^end^t claims « / ' 
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examples of the invention axe described below with reference 
to the drawings which show in: 

Figure 1 a schematic layout of a first transmission 

diffraction grating configuration for creating an 
interference pattern with circular symmetry; 

30 Figure 2 an optical micrograph of an array of holes in a 
photoresist obtained with the transmission 
diffraction grating configuration shown in figure 1; 

Figure 3 a schematic layout of a second transmission 
3S diffraction grating configuration on two znasks which 
..... . e^n. b^-.usgii_in..j9. ^i^le .exposure-process;- and- - - - 
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Figure 4 a schematic layout of a third transmission 

diffraction grating configuration on two ihaslcs which 
can be used in a double exposure process. 

5 Generally, the method for generating a circular periodic 
structure for magnetic storage media starts with the design 
of a suitable number of transmission diffraction gratings. At 
least two of those gratings will create the desired 
interference pattern vjhesa illuminated by spatially cbherent 
10 light. Figure 1 therefore shows a schematic layout of a first 
transmission diffration grating configuration 2 which 
couBprises three different types of transmission diffration 
gratings 4, 6 and B. These gratings 4, 6 and 8 have the 
design to generate a pattern of periodic partitioned dots 14 
15 on circular tracks. When illuminated with spatially coherent 
light this mask design yields an interference pattern with 
periodic intensity peaks along ciTCular trajdcs as shown in 
figure 2 that depicts an optical microgr^^of an array of 
holes (dots) 14 in a photoresist layer ^12 obtained with the 
20 first transmission diffraction grating' configuration 2. The 
holes/dots 14 are positioned along circular tracks running 
parallel to the long axis of the oval shaped holes 14. The 
radius of the' curvature of the tracks is about 6 mm so that 
the track curvature is not noticeable at magnifications large 
25 enough to resolve individual holes 14 as shown in figure 2. 

The desired pattern on the photoresist layer 12, disposed on 
a suitable substrate, is obtained in this example by the 
interference of three mutually coherent beams of laser light. 
30 This periodic li^t pattern can then be used to create 
patterned magnetic bit cells with the desired circular 
symmetry in a single exposure step. 

^Cbe light beams diffracted by the three transmission 
35 diffraction gratings 4, 6 and 8 coincide in a region 10 at a 
certain distance from the diffraction masks to form the 
desired interference pattern. The gratings 4 and 8 are 
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designed to define . circxilar traclcs in the radial direction 
whereas the spiral grating 6 is designed to define the 
partition of the circular tracks into individual intensity 
peaks along the circumferential direction- Even though, the 
5 functions of these three transmission diff ration gratings 4, • 
6 and 8 seen to be distinct ^ they are in this example 
required to be presait simulataneously to obtain the desired 
interference pattern. Possible variations in the design of 
the gratings as sbotm in. figure 1 include exchanging the 
10 relative radial locations of the differait gratings 4, 6 and 

8 . The spatial periods of .the gratings, their diameters, the . • 
angle (theoretically between 0 and 90", preferably between 20 
to 70«) of the spiral-lilce grating with respect to the radial 
direction can all be changed according to the application 
■ 15 reqpiiremsnte, i.e. the desired storage density size of the 
patterned region etc . flhe number of gratingsr ban also be 
v^ied to Obtain interference of two, tha^lt or four beams, 
Bt^en a larger number may not be excluded^ 

20 A promising possibility is the use of a multiple e3<posure 

process in order to obtain the desired pattein. Therefore, a 
second and a' third transmission diffraction grating 
ccaifiguratibn 16 resp, 18 in figure 3 resp- 4 are shot«n to 
support this possibility* For e9cdjrs>le, a basic sv^olrt 

25 xoaterial can be exposed first with two trani^ssion 

diffraction gratings 20, 22 having circular patterns in order 
to obtain necessary eaqposure for circular tracks (Fig, 3a) , 
This first esqposure step is followed by a second e3q>oaure 
step using two transmission diffraction gratings 24, 26 

30 having spiral gratings in order to obtain neceasarry exposure 
for a circumferential partitioning of the circular tracks 
obtained by the first exposure stc^. 



Another possible multiple exposure process scheme includes 
according to the third transmission diffraction grating 
configu rati on 18 in figure A a first exposure, sjtep, .with. J:wo. 
transmission diffraction gratings 28, 30 having a combined 
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circular and spiral srating in ordeor to Obtain necessary 
exposure for a first track pattern. la a second exposure 
step, two gratings 32, 34 having a combined circular and 
spiral grating, too, are used to obtain necessary exposure 
for a partitioning of the first track pattern. Por this 
puxpose, the directions of the spiral grating of the 
transmission diffraction gratings 28 and 32 are oriented 
Q^osite to each other. 



10 



15 



20 



one described inethod yields a circular pattern in an annular 
region^ such as region 10 in Figure 1. m order to cover 
larger radial sections a ntultiple exposure process with 
different transmission diffractions laasks can be used, lliis 
Jiieasure assists in maintaining a high spatial resolution in 
outer regions of the patterned area as the number of magnetic 
bit cells along the circumferential length is /constant in the 
ensemble of circular tracks generated by 09/ of the 
transmission diffraction grating configurations, such as the 
ones shown in figure 1, 3 or 4. 



The af ore-n^ehtioned technique can^ considered as a form of 
replication process even though the pattern of the master 
(the tr^mission diffraction masks) and the replica (the 
circular pattern for magnetic bit calls) are rather 

25 different. A noteworthy adv-antage in this replication process 
is that the spatial frequency of the resultant circular 
pattern for the magnetic bit cells is higher than that of the 
transmission diffraction masks. A fre<iuency multiplication by 
a factor between 1 and 2 is possible and often obtained. 

30 Therefore, the spatial resolution requirements in the 
manufacturing of the tranemissioa diffraction masks are 
relieved with respect to the desired magnetic pattern 
resolution. 



35 



Additionally, this technique allows to generate a pattern 
having partitioned cells with a distinct length to width 
ratio. Elongated cells own the advantage that the cells have 
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a certain long axis for easy magnetization, and two opposite 
well defined loasnetization states. 

The transfer of the interference intensity pattern generated 
5 by exposing light via the transiftission diffraction inasks to a 
basic support material for the latter storage device into the 
magnetic bit cell structure can be done in various ways. Well 
3cno^ lithographic techniques using photoresist films can be 
used. It shall be mentioned that in this regard the 

10 photoresist film is considered as the basic siqjport material. 
The photoresist film itself can be disposed on a suitable 
carrier material, made from plastic, ceramic and/ or metal 
which may' or may not be already coated with the magnetic 
madia to be patterned, in this patterning technique the 

15 photoresist film is e^osed to the interference field* The 
pattern is created in the the photoresist film, rafter a 
development process where either the esKposefa'br unexposed 
areas of the photoresist are dissolved depending on the tone 
of the photoresist (positive or negative*" reap . ) . The 

20 photoresist pattern is then transferred into a magnetic bit 
cell pattern using either a subtractive (dry or wet etching) 
or additive (lift-off or electroplating) process. Other 
possibilities, include direct g^eration of the magnetic bit 
cell pattex^ by the inf Ixxence of the interference' light on 

25 the material to be patterned. For example, patterns of 
magnetic bit cells have been created by escposing the 
ipaterials directly with laser beams and ion beams. Working 
without a photoresist has the general advantage in avoiding 
the dissolving process what means in particular that a 

30 possible damaging effects of the photoresist processing steps 
on the magnetic material is suppressed. 

Additionally, a photoresist-less processing creates the 
magnetic bit cell pattern while maintaining the original 
35 smooth surface with no or to a very limited extend added 

topography. jThis ±s an inpojctant d®sired_ f eaj^^ 

patterned xnagnetic media since the magnecia read/write hsad 
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hovers over the surface TwLth an extremely small (several te^ 
of nanometers) gap between the head and the spinning storage 
disc. Therefore, topographic features on the surface may 
disrupt the smooth hovering flight of the head or even 
collide with the head. 



10 



The interference lithography technique can be used in 
contoination with the aanoinprint lithoflrapl^. in that case, 
the circular interference lithography can be used to create 
Staiups wtolch can be later used in the nanoiinprint process for 
mass replication, fflie advantage, .here is. to produce the stantps 
in a much higher throughput process than using electron beam 
lithography. Unlike masks in photon based technique, the 
lifetime of a nanoins>rint stamp is limited due to ^. the contact 
15 nature of the process requiring a considerable number of 
stamps to be produced^ r' 

TbB interference process is able to create ^ttema having 
perfect periodicity properties wfliich is, of' sx^erior 

20 importance in the synchronization of t^ie read/write signals. 
Well defined circular tracks may be used to create a 
sufficient fee^ck signal for the head to follow the tracks. 
This can be' accoinplished either by using the signal from the* 
read head directly or by djaduding additional elements on the 

25 head loabich picks up signal from several tratdcs in the 
adjacent vicinity. 
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. Paul-scberrer instl-but 
CaB-5232 Vllllg^ P6X 

5 

1 ► A method for generating a periodic circular structure in 
a basic support material , sudb. as a l^er for magnetic bit: 
cells (14J for a magnetic storage device, aarprisings 

a) generating a aurtber of masks , with each mask having at 
least two transmission diffraction gratings (4, 6, 8, 20 
to 34) each having a different periodic concentric 
circular and/or spiral-like periodic pattern; 

b) positioning of one or more of said diffracti^cai mask© 
successively ia a certain distance of th^ -basic support 
material (12) to be patterned, with t^e' distance 
depending on the mask; / 

c) applying light beaxns through each' of the diffraction 
masks for ea^osing the basic sT^piport material (12) to 
said light beam; 

d) d) interfering the different light beams diffracted by 
tbe/gratings on e&dL mask in order to generate 
coiaincident light intensity pattern on the surface of 

. the basic support material (12) . 

2. The method according to claim 1, 
characterized in that 

for exposuring the basic support material (12) a multiple 
30 exposure process is used, comprisingz 

using a transmission diffracticwi loask (20, 22) having a 
periodic circular interference mask pattern in order to 
generate necessary exposure for circular tracks on the basic 
support material (12) ; and using afterwards a transmission 
35 diffraction mask (24, 26) having a spiral extending 
. . _.4^t§5f«i:^SL.!nask.jpaJ:tertt..in order._to-generata-neeessary---- - — 
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exposure for a circumferential partitioniiig' of said generated, 
circular tracks; or vice versa, 

3. The process according to claim 1, 
5 characterized in that, 

for exposuriaoig the basic ex>]Rport material (12) a multiple 
esQposure process is used, concprisizxgx 

using a first transmission diffracticm mask (28/ 30) having a 
Goznbined circular and spiral interference mask pattezm in 

10 order to generate necessary e2cposure for a first spiral track 
pattern on the basic support material (12); and 
using afterwards a second transmission diffraction mask (32, 
34) having a similar coiOLbined circular and spiral extending 
interference mask pattern but having the spiral component 

IS oriented in the opposite direction in comparison with the 
first tranmiission diffraction mask (28, 30) in pirder to 
generate necessary esqposure for a partition 1 ng/ of said 
generated first spiral track patteim by in^e£rsecting the 



first and the second spiral track pattecn[« 

4. The process according to any one/of the preceding claims, 
characterize^ ±n that 

the transz^ission diffraction masks (4, 6, 8, 20 to 34) are 
either of absorption or of phase shifting type. 



5, The process according to any one of the preceding claims, 

characterized in tbat 

the light source delivers light having a circular 
polarization or a linear polarization that varies during the 
30 escposure time« 



6. (Oie process according to any one of the preceding claims, 
characterized in that 

the light source having a wavelength in the range of 5 to 500 
35 nm, i.e. in the range from synchroton radiation sources to 
optical lasers. 
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7- The process according to claim 6, 
characterized in that 

an immersion lithography process is used, whereby an 
iimiersion licpiid having a refractive index larger tban l is 
5 disposed between the transinission diffraction mask (4^ 6, 
20 to 34) and the basic support material (12) . 



8» process of any one of the preening daints, 
characterized in that 
10 the partitioned circular, periodic structure having cells (14) 
baving a length to width ratio, larger than 1 
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Abstaract 

!Ehe aim of the Invention is to provide a method allotArlng 
generation of periodio curved structures in a basic support 
material ?uch as the basic layer for the magnetic bit cells 
of a magnetic storage device. 

This aim is achieved according to th@ invention by a method 
for gmerating a periodic circular structure for a support 
(12) for a magnetic storage device, coioprlslng: 

a) generating a nimiber of masks with each mask having at 
least two tra nsmi ggibn diffraction gratings (4, 6, 8, 20 
to 34) each having a different periodic concentric 
circular and/or spiral- like periodic pattern; 

b) positioning of one or more of said diffraction masks (4, 
6, 8, 20 to 34) successively in a certain ^distance of a 
basic support material (12) to be patteacned,- 

c) applying light beams through each of^ the diffraction 
masks (4, 6, 8, 20 to 34) for exposuring the basic 
support xdaterial to said light 'beam; 

d) interferixig the different light beams diffracted by the 
gratings on each mask in order to generate coincident 
llght^ intensity pattern on the surface of the basic 
support material (12) 

e) repeating the esqposure procedure a number of times with 
different masks to obtain a desired pattern of a 
periodic circular structure with possible partitioning 
in the circumferential direction. 
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